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Chemical signals have a number of advantages in social communication over signals that act on other sensory modalities: they are energetically cheap to produce, often being metabolic by-products; they are volatile and can therefore be broadcast within a large territory; and they can continue to emit signal after the animal has moved to a new location [15] .
What are the specific, behaviorally active chemical signals present in urine? What sensory neurons respond to these cues? Can a single such compound be behaviorally active? A recent paper by Lin et al. [16] succeeds spectacularly in answering all three questions. The authors applied chemistry, electrophysiology and behavior to this problem, and identified biologically active volatiles in male urine that activate both male and female main olfactory bulb mitral cells. They have elucidated the chemical identity of a single such male-specific urine component that both activates olfactory bulb mitral cells and elicits behaviors in female mice.
The new study [16] builds on earlier work from Diego Restrepo's group that described regions in the olfactory bulb activated upon exposure to whole mouse urine [17, 18] . Larry Katz's group [16] borrowed a technique from insect chemical ecology that has been classically used to identify insect pheromones (for example [19] ) and used it to identify specific compounds in male urine that activate main olfactory bulb mitral cells. Solid phase microextraction (SPME; Figure 1A ) coupled to gas chromatography and single-unit electrophysiology (GC-E) combines chromatographic separation of complex volatiles using gas chromatography with direct recording of biological activity in neurons ( Figure 1B) . Using this approach, Lin et al. [16] recorded from thousands of olfactory bulb mitral cells while fractions of male and female mouse urine volatiles wafted over the olfactory epithelium. By synchronizing the output of the gas chromatography with the electrophysiological traces, they linked specific mitral cell responses to identified peaks in the chromatogram ( Figure 1B) . Remarkably specific responses were obtained: male and female neurons selectively activated by male-specific urine components; strain-selective neurons; and very rarely, male neurons that preferred female urine.
Identifying one of these active components among hundreds of male-specific volatiles required a major feat of chemical detective work. Lin et al. [16] focused their attention on a biologically active peak in male urine, which was absent in urine from castrated males. Mitral cells in a restricted region of the main olfactory bulb fired robustly at precisely 508 seconds into the gas chromatography run, a few seconds after a large peak corresponding to a known mouse pheromone, 6-hydroxy-6-methyl-3-heptanone (HMH) [14] . Further inspection, however, showed a small peak that matched the onset of neuronal activity more precisely.
Separating the imposter HMH peak from the true stimulus required several additional rounds of analytical chemistry that definitively ruled HMH out as the biologically active signal and identified a sulfurous compound as the true signal. Mass spectroscopy narrowed down the possible list of suspects further and one of these, (methylthio)methanothiol (MTMT), was shown to be an exact match for the compound in urine. It elutes identically on gas chromatography, has the same biological activity in mouse olfactory bulb, and is perceived to have the same garlic odor by humans. Two aspects of MTMT-tuned mitral cell responses are of particular interest. First, these neurons are incredibly sensitive to this compound, responding at a threshold of 10 parts per billion. Secondly, the neurons do not respond to any other of the hundred or so volatiles present in urine or other sulfurous compounds that are structurally similar to MTMT. In this regard, they resemble the classical 'specialist' neurons of the insect that respond only to a single pheromonal component. Such specific responses are particularly surprising given many previous reports that mitral cells are broadly tuned.
Finally, Lin et al. [16] showed that MTMT elicits specific attraction in female mice. They confirmed the well-known result that females are more interested in urine produced by intact males than castrated ones (Figure 1C,  left) . Adding synthetic MTMT to castrated male urine increased the attractiveness of the urine to female mice ( Figure 1C, center  and right) . These results show that even a single component of male urine can be behaviorally active in female mice. This study succeeds in analyzing a social signal from the specific chemical to its effect on identified olfactory bulb neurons all the way to the production of a behavior.
A number of interesting questions remain for future studies. While female mice clearly prefer MTMT dissolved in urine over water, mitral cells do not discriminate between these stimuli. This suggests that integration of multiple urinederived signals must be occurring higher up in the olfactory circuit. Lin et al. [16] identified 112 peaks in intact male urine, but only 57 in castrated male urine. It will be of interest to determine how many of the 55 additional peaks in intact males provoke specific responses in the female mouse. Finally, in this year of the olfaction Nobel Prize [20] , it seems irresistible to ask which odorant receptor genes and which specific olfactory bulb glomeruli process urine odors. Are these odorant receptors a specific sub-class dedicated to perceiving social odors? What has happened to these odorant receptors in the course of vertebrate evolution and do we have traces of such putative social signal receptors in our own genomes? Perhaps through the cloud of perfume and deodorant, our own unique scents are still sending a message that others can receive. 
